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[SI*® 2] ±I5lelSTf^Xigi:LT2(Hl[oltfT-r^c:i: 

[11*313] JtHfc, 

tSS 3 (0|slJJT*a<OTJi:EH*n/'cH»«:K«-r SHfl 
Sfr 6 ft £ c £ t * * fiBBTtSBo 
[If*® 4 ] ±BS l i:» 2 ©Hfif #g{*fflffl«? 
£ £ 1" £ It*® 3 E«OfiRB«SBo 

LTT**fc«MtU ±ETX*±<E»**->*Hlnft 
N A, fig/h*M : iOSB«^tcJ;»3S«±^3B«5 
•£ 3 c i: £ 0 ±f BSffi± £ > *2 - Z> £ ffi 
fti^T, ±E^fc±Ei»ft^3S<0|lBfc±ESfifc 5 F 

©<*tfSfc£n*<fc3fc:* ±Evx*fc±EfiW»fc*K 
©BAKi, lEvxj'fcTfffc, ±fEvx^iJfr6JiI^ 

2 (omm^-tm 3 oiuffr^o 2 ttoiiiffrte^Ktt 

QR*H6] ttEH»f«ff*W*fc«**oaKa!MH 
ftftftf, «WEIil»ftt?*»^fti^*3S<0illBfSIB» 

7] Hute^ 1 ©IHSHffFOSIHHJIBP l ti, 
A/ (1.42 ■ NA) 1 ^A/NA 

<o» *c t-tz> tmm 5 EK<OSKB« 

7j So 

[M#H8] ±ESBK SB2atfS3<O0»f»?OJlW 
#filttWL<, ±E»lOlafflT«?OfflWIHWP U ® 
2<0lHl*/r<S?OffiRIHWP 2, S3 0lslllf18?0ffim« 
JWP 3li, 3<£ 

1/P3= 1/P2-1/ (M • P 1) 

<oM«^}»/'c^c^*«Fia^'rs!s*«5EKoa«B 

[JM»K9] ±es 1 0@*r«?©±EiBfi«aS^&« 
mmi K Rt>\ ±ES2. S3<0Isl»Tft^O±Ev 

(Z3-Z2) /P2= (Z 3/M+Z 1 -M) /PI 

OHWHSfc* c *: £^1* fcl" «« 5 E«0lfflKB 



[Ms&fli 0] ±E» HDBff*?, ±ES2 0@8t«I 
3% R^ESSOlHlSr^o^KSafflE, ±ES l <0 

mum-. ±e» 2 008^8?, Rtf±E£3<DisiST« 

?«H»*«tWWROl», Rtf±E«2 0lilSftt? 

<ohjb&* «nEJa»«**oNARr«B/i^«*, &h»t 

«?fc±ESfi<OffiHRI^i:|£i:T, ±IBvx^ffii:^ 
ffiomoiRtfjWfch £ ft £ 5 tcR£ Lfc c £ $ i: 
f £if *« 5E«<0«:8Bft£ii;o 
CIl*® l 1 ] tuiam 2 0®Jff«?<D£HJaJ« P 2 tt, 
P2^l/ (1-2 • NA/M) 

«/ctc t*«p«4:"r*W««5E«oa:»B}t* 

So 

CH*«i 2] ME»2RtfB3©lE«T«?tt, (ftffiffi 

c t ttftmttzmxm sek^jskb^w 

HftRJSl 3] i«ES 1 0®Sf#?W\ tt*B«?"P»* 
C t*««i:-r*ll«a5E«oaiBB3Krffio 

4] UEStRfcSaESlOIilSTfi^lBK, 

WE-*iaK:J«"**tfz i-na«tt», temmmtt 

iSl£2 • Z1<NAM1 ©JBtt/^*-y*Wt* fc 4: t 

oajt/<*->fce«s«a:ftiB**3i*+*w 2 

/^*->*WtTB}t«l«**llB , r**\ Xti, _tK*J 

K$nfcB)fcS«*Sfi±r**3SLTB^*rs*\ 

^>li*^ 5 E«ofi»B«»ffio 
[11*^1 5] IJEIil»f»?ttl^7Elsl»T«?-e*0, 

twaiW*WRo*BS«*^ n±-e<o±E0»ftt?<o 

IHII3*iai:S*ft*lRl©*a*«ifctT, ISWftfcftS 
cfc 5 fciRMJIIESnT^S (1 4:*1$ai:^r5Si *® 5E 

c: 4: t -T SiUSc® 5 EK©19KB«*j4c 
[H*«i 7] tufBvx^ti, MIB^ 1 <D®m&?<D® 

mRiffifafcfcvT, ws^FifiiKUMieft/^-^w-r 
*ci4:*i#ai:-rais*«5E«oa»B^ffio 

CH*®1 8] SuIB^X^li, SufB^ 1 ^(H]ffTlg?<0^ 
» h -T SI9*S 5 8B«©a»B«Si£o 

1 9] itnes 1 oajris^fctnHWEoH*, 

(7)NA^ 

0.5<NA<n/2 

<D®m tc l ft c t zmm t ? % »*a 5 ib^o a^ 
□sna, «/j>*m: KDja»^¥^^wrsaBB^ 

SHfcfc^T, ±ES«i:±E«:»«*Korafc±E» 
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mtwiftm i oy&mm? \ u/(i.42-n 
a) <p i^a/na) <Dm\\B\ffi®?z$u ±mm 

ft coIe^t^^T tt¥f® ttz> Rm^ytmmo 

aam 2 1 1 ±eb u b 2 &tf b 3 ©@sf«?os 
$7^*1? l < , ±eb 1 <D®wifaT<DGmmm ? 1 > 

WZOH»f«?OffilBHWP2, »3©!al»ftt?OffiBB 
a«BP3ti, BIS 

1/P3= 1/(M - Pl)+1/P2 

£0^f^?ifc"rci:^Mh-ri)if^2 ois®o&f& 
[11*312 2] ±es 1 om»T«^ ±mm2<Dm® 

^ Rtf ±EB 3 omflTt&^co^iSKffiB, ±ES 1 <o 
HUffffi^ ±B»2<DB«t»3% Rtf±E»3 0@«» 
?£Stt3&»f»Sfi<0BW. Rtf±ESS 2 <D[s!»t1«? 
OJSBfc, IME!aB*«RONAftt«i/|^«», SESt 

ffiomoiB^jWift'h ft S £ 5 IciSS Lfc c 

B(£2 ■ N A ■ Z 1 oa*/^*-^****^ Xtt, 

±E»?e> ^ - > j: o mm •& ntz nytmmzwsL£? 
&Bjfrr*BB*** *c t -rsBSS 2 oe 

[BHOffttttKni 
[0 0 0 1 ] 

[0 0 0 2] 

Kfi*©«flH l s i *oH**?o»aieatfi!iffa 
js»u>xofflpa (na) tsjt»!i-rsrc46, ssigm 

[0 0 0 3] X, ^/J>a^i8«:Sofi?®ffi^$eti:iP]± 
AMfWBffi) , ft7^*-£3\ 
EtfrHW (BKffimH»a=2NA/A) €9tf9£T 



uls I 'jyy7 7-fft«o«», Bi*, 

<E>!£4 9H W^X>X7*—5A4t?h 1 9 9 4^ 
[0 0 0 4] K»i8<08?&fi£> ffi#fl)±E[§I»r 

3 7fk B9*§\ S8 5 3H*^SB8 5 91 (19 6 8 

¥) icnc&tiT^So c<D?"5©io©;frj£«\ 20 
0»?/<*->*«#Stf«0||[± ('>ft< 

art) ^si^»aBB«*«%oo^*+yr*to 

>^RftiKI$«. •BTB20«?/**->fc«*a* 
vXK*iiM«Cfctf**S. c©#ffi*B/JvJ91BB 

[0 0 0 5] 

[55W^*»LJ:9 4:-r«BHI] LfrLfttf£, ±E« 

4 ft tfcfc&ffitc cfc ^ ft ^^^fe § o 

[0006] *-r»**o)®»*fbtt, ^ (uvx) 

*J»©aa*OB!H^6A r FX+i/VU- If (Sfil 
9 3nm) OTSWi:%^^ti^ 0 X, uyXHff&tfH 
JfLhOHH*^, aK*t**ONAtt0.6-0.7tfH 

|§tc0.5A/NA, BJHfflttffli/7htt*fflir^»^ 
tt0.3 A/NA8*T?*»), Vt-oX, ±E«»ftfka 
tfSENAfbOHflli&fflt^Tt, 0.1 fimJKTO^*- 
>tt»R*ttJiU\, X, ±Ea«BSffiffl^7httT{±v 

l s i co±mmit\cm^mytmm(D^if^^nx^ 
2>t>\ a»)tt*3RoB3t7-r-;VKoH;*i:KNA{ko 

[0 0 0 7] -75", «*OHlSHB» 3 &iHK.Sc:i:*a« 

yivx^fttf^x^-oBi^Ei^JtflBB*** 
oox^t >^*fc»oBBXtt«WR#BL< BBfc 
ft^ 0 b^xho^^SWcx^^^-tzyh^T^T 
t?nsrca6»SU>5/*T^K*LTfft^u^xh*B 
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[0 0 0 8] *»BOBWtt, ft«H*3R?©«lH|/^ 

fca&SCfcftLfc* *<DNA*jlKWfc:«*2«fcL 
ft O t « lA^OS!) Sfffi £ ft £ «M«:J2RR^a 

[0 0 0 9] *«W©8iJ<OBMtt, tSRSOlBiailO 

£ C £ lc<J5& 0 
[0 0 l 0] 

[BB*»fc*-*fci&0#R] ±EB«tt. ttftAOifc 

A, fd>NP=l : M) ^«toaS±'\IS«$^r/^- 
>*»dW-*B, JJB«fc±EI»Jl6**0Bfc* ± 

mmmtw-'nic &mm? \ oiu a/ (1.4 2 

• NA) £P 1 ^ A/N At^i.L^^S U\) <QffS 

x^oHt, ±E^X*fc 3 Ffrfc* ±Ev**«Bfr€>IH 

2 OUffiH&^fcS 3 <D{e)#t^O 2 ROleiffrft?* 

[001 1] »l<OlH»rtt?©@»f«K:j:0v^ir/^ 

3 <D®ffife=P<DmWjfal*%fL< , ±E£ 1 0E»T 

ts^^ra^p 1 , S2©(Hisis^o$raHWP 2, 
m 3 ©msftt^offl h»m P3^> «tf 1 / p 3 = 1 / 

P2-1 / (M • P 1 )0B8«*»fc*«fc»£1"*o 
X. ±HS^lO[p]ST^cO±l2S^®^^c07 , 6^gi 

z u stf, ±ES2, W3©@«tt?4>±Ev*** 

(Z3-Z2) /P2= (Z 3/M+Z I'M) /PI 

©■«*»fc-rtiic»e-r*. *6«c, P2<i/ a 

-2 • N A/M) "W&SCfctfHSU^. X, SK 8S 
2, »3 0|i|]frtt?OHKffill, &[el»r«?^S^Sffi 

AWTT\ £B«»I#Stf 2-Z l-NAOSflOiSft^ 
^->*RttT«*IB«**JIRf«c4:3WffiELi^ 5 



Mfc«i:T, ±EMH;&tifcBftfI«*afi± 

[0 0 12] HuEIUBftt^fi l aJEEffirft?*: 
U tttEa»3tt^*Oi6ffiiRS«:, ■±TO±E@fftt 

H£ U\ X, S 1 OIslSfffi^iiBuESfiOfflJ&HST* 
0.5<NA<n/2 
[0 0 13] 

/>©IBfc|E»r*?*Rtt* ^x/Nffi^\A»"rs^t:-A 
Rtf fcfc*fett, **»ffi±<0 1 ji5K«fi1-*tt1'OH 

[0014] *»woffffl*Rwr*ft»t, 

t»WB)^**-elJE*^^*Xtttt*'>7h 

dOlSI»oai?*H2 a, b, c, dK^to ^?tl<D 

/^-V^fiSL, 5SttSB»jS(KLfco 
[0 0 15] If, ^^^T^^X^^ilM 
Lfc^ (02 a) , Wmi^TstZ 1 tSilASLrc 

)t2 z\$^7sZ±.<Drt*-yfc&*)mifi'£ft, mmyt(o 

ttWkitf&kl 3C0B12 4 ()K^2 0COrtiJ) ^Dji 
Lfe«ti^»cB2 5±tciRf*U T»LT/^->i&JB 

/ ( 2 N A) (§LNA=sin0o) i:4^>o 
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29 m^-^mm) \cttLxttmzmftKtf$Ltz>o 

m\mm\$\/ (4na) £-efR]±-f&o 
[o o i e] '&*K¥Jk\zmmwzmmzt 

(02 c. ^cOfc^VX ^0^(0 0^2 7^0* 

ffi^£^£jlii^6£ffi£b/c) , vx^teiffffto^ 

0 £LZ fr<D®ftP} Z £ Ofr PJJ55c 

(it^+l«2 8) fctttf@£iIj®U {fMciK 
$rt£o MSX^0^0 2^£Dle]}JT^^ > r^[°]^ 

A) £&3o b^U [eIJItX^^ h;l/^fri}L^fflt^ 

tWo^, x, mm^^-yo^x^^yb^^v 
fey? h vx^2 6 tc^M-r %t tm<D®ffim*®*m 

y&XZfa^fzib, s^-yimi%L-&^ (02 d) o 

ttss»^a n^-To hi H2oti£*rt 

^tcfci^T, vx^ l tfi»)t^2<DBIJi:isl»f18? 
AStfBSTlfrPB*, X> S»tt¥3£2i:*x/N-4<D 
ffltclsififte^C^JfALfcfe^fcSo CilT% 0Jftf§ 

[0 0 18] TX) 1 icMHAMLfc^R^vX^ffiT' 
0*@»rJttR0, +l*0SfJttRK -l3WS*r}ttR 

r tciHij/T^n^o o*jttRot4@ST«?A±ojaAo 
tau ^c7?-i*^riRiti5|jf*n/fc)ttt, isibt»? 

B±©j!5B0T*+l**lRlK:@ST«tlfca, ®3 (SO 
5<0rt«B) ©fefiS3&«TliI»fffi?C±©^C 0T*+ 1 « 

X, + l ^HHfrftR i fi, 08rfi?A±O^A 1 £l 
U *C"C-l**lRj«cB»r«nfe)ttttlHl«f»f B±© 

jSb i r*+ 1 a*iRitiHi8T«nfcft, 13^kit 

|s|8t«?C±Oj!5C l T*± 1 aSlRltlifflT^n, 
«ffi±<Dj£Q, PtCji-T^o £A0T*+i:fc£fp] 
Klsllff2*ifco:20tR o* fc-l*@8rifeR T 

m) fc»LTMfti:ft*« HP*>, S*t»fcls]JJr 
tS : FC±©^C 0X± 1 ;A*rRitc0ffr^ti«ffi±O^ 

rzo&yt, Rts+ 1 #u - 1 3 ^><oytm^t> 

£>£><, fct, ^PT-ttHI»r«^*^Si^nSo 
[0 0 19] (02 a) fctt^fci:, H-ON 

A, (a^£#Oft¥&£ffl^T, 2<g<OlHl8Tft%tO[l 
Jfifttf«£ffl»T*t£fc#, JIKWfcN A£ 2®bfcO 

i:Bi*oa*^»6nso x> $&kwj! (H2b) -m* 



^^tc/i^fiffl^7hvx^^iiffi-r^i: (0 3 
a) > 0*@ffi^fflMLrffl#©fgOIs!«Tfl*^-rs 
+ l*«R + t-l*«R-tf ; F»«l8*, 

s«:a/ (8 n a) ££3 0 cinti, cnsr-jsjwsffi 
h ^xt*®&mmz®^r^*<ommm¥f-x& 

5 A/ (4 N A) <D¥#T*£D, 9 ffiHttfc 

fcRW!lcj;*K fr«©*ic»LT*#4lsl»rfl*fco|Hl 
»WR r^T'B^fflia^-itSciii^pIflEfcftt), Hit 
BaWfiF©^2fi, EP*>A/ (8 N A) ST'lBWfS^lRl 
±-e#*o X, TX*AMftO»4««^*JSW**ffl 

[0 0 2 0] *56Wt0Ba*7-Ux@SraiiOiii^ 
^KWrstaOcfco^ftS (0 4) o WTOttWT? 
tt, 3t*IR©«*tt l > mSrft^ti 1 3fc7cffiffl»F"e± 

isiffi;|^c£ftbT«3£fis^ ®#fjcj:owit± 

20£#frnTjUt3 (04 a) o &m<D*\cte, 

KW»oTx^7-uxajini*«]«'r*o cc>9^> 

*KJI;i (04 b) o IP^> 04O®^ 
0 4 bO^O7- , Jx[Hl^^0 4 aCOfeWOSO^ti: 
M^-^ 0 4 b<O£<O7-UX[n]8T®tf04 aoeioi 

[0 0 2 1 ] (1) 2-D<Dm*ftLX^7st±.<Dm-& 
[0 0 2 2] (2) 2O0X^^h;W 2^cD@OM 

[o o 2 3] wt^xnf^ 

bras c t *<"e* s J; ^ tc-r 

[0 0 2 4] ftfrfcHT. H*f«?C*^LT f u >7 
MfclMSOim^ ^(0SllO*ti:isl8f1S?BRtf 
A^bmo f M ^7hbfcmScc07-UxiH]}jT{ii 
^Mit^^-rsi:, K««oHi«u(x)tt*ST* 

[0 0 2 5] 

u(x)=F[£ p( f- f V Io(f-f ")] 
f'=±SC 

f"=± (SA-S B-S C) 

CCX% F[]tt7-'Jxm p(f)«ttBBa, o 
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rm&nmm, sa, sb, sc^eSt^a, b, c<d 

SA= SB+SC 
f n =0 

htfT*t3 0 !P^2 0(Di!p(f ±SC)£r:fl* 

SSftffiB®EB. &4ZA, ZB, ZC£, 
SA (ZB-Z A)= SO(ZB+ZC) 

[0 0 2 6] ±<0*ft*jfi*BS«OT-eHI/J^»M : l , 

B, CO^JWPA, PB, PC, VX^ffifcElSTtS^A. 
BfflcOEHtZA, ZB, SSTtt^C^aSAjBRIOEEliZ 

[0 0 2 7] l/PA=1/PB-l/ (M-PC) 
(ZB-Z A)/PA=(ZB/M + M*ZC)/PC 

let*, 

A/NA<PC^2-A/NA 
[0 0 2 8] Islflr«?A, Bti, ffifltt?"e»*cttf 

ffiffl^ iws?t** o r t a(Bft*«n*s?T* o r t, m 
t>to\ mmm? comma <, jb8t*i. 
5 o^ya vmits&*% * 3 t < £ - v <o Ki&IBflt 

ffifflSSI*? £^S*#Btt«tt&It < * % c # T* 
[0 0 2 9] lal8ftt?BO«E)llll«r]B»f*ntf 1 
ntf l/nfc4*o ^CT% ^6Kl|aI»r»?B(0Ja)B* 

c©i:*ia«fftco/h*aBSf}ttttBJ&aiii-p# 



»?®g[R]±fitf 6ft*l>. sin0>O.5<DftJS8T*«« 
A / N A <0@ffrtt? B AWf Sftttfcfcrr £> @#rft *i 
9 0fiW±J:fc*K x/^yfcyhKfcLTlslSrtt?* 

HHr«?Bfc»K©miOJH»f*«nfc-r*i:, sin 
e = NAO£j6T*[eI#rte^B LfcO&ft 
A^XM-jcfiiSA«-rs/'c«>*cttJiWA/NAr-&^ 

sin0'= (A/PB+sin0) /n = 2NA/n 

8'<9 0fiT**§fci6C>*mi, NA<n/ 
2i:^§o BP'S. *»W*«*NA = n/2©)tt¥3RS 

D-feXtc*3^Ta*ffiffl^nTl/^NA0.6gfi(Oa 

till. 3) TWfcLTBJtrWf, WWtNAtl. 

7h^^^t^l 7j<^vyyOi^OSm (3 6 
5nm) 0.1 jimWT0««fi*M§5tt5Cfc 

[0030] &±<Dmm&£Tfflm®L*fafeu mm 

[0 0 3 1] *»Wici30^ra«'r^*jSh:oi^ 

[0 0 3 2] » 1 til, *jt^-C*48e«B«ffifclt^ 
ic, ®B±O^Q> Q' fcfe^Tfe2Jte»#2KtoOS^ 

l<0i£± (^x/N^^lElfirt&^CcOP^) Jcii7tvx^5 

2 ^s^Tcne^ftow^aBf-rsu t^as 
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ft cpjS) tmm (q&) <om<omm (««?2-na- 

ZB) Effl3-r*«M?, J:eE*0 2flgJ£BJflfcLT 

fflir^Ctm*. BftWEBttBWftbfc^ 

■Br-fKiJI^RlftB-C**. B«««0*#*ttlHl8f«?B 
0KBfiMfc«fcoTi*i:D, SISTtt^BMBB^eil-r 

JC, tfxy\-±BfttI«<0'HWt±, W<NA'ZB£fS 
[0 0 3 33 K2fc, **ffiT*ti-»tB«afi^fiT 

[0 0 3 4] £3lC, ^(OlKlflT^LfcJ:?^ B±fe 
tt, f-=OOa^L^0Sf«tiP^.T, f"=±2(SA 
+ SB)f;^t^7 h lfc7-'JxtM^i:^ (in 

PA^l/ (1-2 *NA/M) 

\,c£Z>+ 1 *Sfq]OlelST^ (H 1 *A 1 fr&SWSjftB 
[0 0 3 5] *»W©)t¥3RT?tt. iBfflffi^U 



tfOXiX2X3K OY1Y2Y3U RtfOZiZ2Z3l 
©*«8SOS^ 0 T'ftlttilf 4 e»JS:^. LfrU Cti 

X2X3=Y2Y3=Z2Z3cfc0, OX1X2+X3K 

OY1Y2+Y3K &tfOZiZ2+Z3l<DS^lRMfc* 
So n©E&£$W!J5 OX1X2X3 I A^OZiZ2Z3l 
fc S 3 ftS&Oi£MXH *OYiY2Y3l£g*P£LTS! 
«{bLfc«*gffi«sti:*fLryn7 hf S£^!6 bO 

tSf«^W««»w+(s)l4IJ: , e-8li:3ffl 

£w+(s)i:li£4u:^LT#^ft£o *»WT*«, 
+*iafc@ffbfc3tt^-*iatelHlSTbfcJt*B|i»K:»>x 

[0 0 3 6] w+(s)fcw- (s)tf«Lttfttf, 

(s)= lw+(s)} - {w- (s)} £\ H± (06T*ti 
-l<s^lcDfga) Vfo&£tk^T+ft\C'bZ^m& 
fcfljjtntf*^ -£> Aw±(s)ti, £0#t*& : ?<QIS 

afifclil«f*FO«»(ftBBflW0^5^-*x i (i 
= K 2, •••) OH»i:bT«^n5o ^ct% Ran 
tt, - l < s ^ l OKHT\ A w ( s , x i )< 6 ZffiTc 
fx i £#a65C£:tc!J§»-f£o *IRO«Bft©«Ko 

[0 0 3 7] B*Ofc»VX^*->tLTl 
/ < * - L /-c^> ^l^tc {4 2 ^tt:/ ^ - y 

i§£\ A w h LT> tt±(D2*7C^1S (s, t) <Dffi$L 
Aw(s. t)= iw+(s, t )} - {w- (s, t)} £ 
«ffirtT% Aw(s, t, x \)<&*ffittx i 

*3Ra6ntf«fct\ cna> w±(s, t)^@±T-s = o 
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[0 0 3 8] ££tc. £T0*l&fc»LT*«W0»JR 

6, ±T*^/-c:W|tC«fcl3> SWcSK4 2ffl©BH;:*t 
±T*^TO* [fil(C» LT^^*«WOSai««#5 C 

x)?lRl©/^-yK»LrjmW4NAW:2ffljfi<** 
■f*Jb\ y^[S]0/^->^WLT^ / >'ri> 0 B8b 
£>J$3\ x*ft0;<*->fcftLT*HM4NA«/"2 

5oB8c©«§^ x, yj^ft^N Ati^2{gi:4 

y)?^fcte#r i>i:%A^n^o ran^i^ic^ 

JiT/^-^OWy* h;l/-;WfK:SiSifc:j;*WI8 

[0 0 3 9] IS«ttfllO/^*-y*lRl«#tt*4<1"fe 
fcfctt, 08 a, b, c£)&ft£\ &40Jxf£9 OfilU 
K«^T*««Jt*fifoTtJ:i\ Wc* l*!8ctc<:n 
fcjgffiLfcig^cfciu x, ySlRlttfltW-f 

SCfctf-etSo fiU @»T«?*9 0«la«E«^« 
iRM&ttfc9 0filllfrfSo ^CT\ iRMffiE^ft 

[0 0 4 0] H3»c^LfcJ;5K«IIHaffi*B^7hvx 
^^nt-l/^hMLfci&lc^ *x/v-ifi« 

[0 0 4 1] £fc> ±BlRStt-tttNAOfflfcfctlC 
f^tcti^-r^o CO^ NA0.1~0.21I^ 

*KTttJt««BIBi:ft64i\ for, fiNA ■ fiffl 

sKistcaffl-rsii^^tt, ±T*a^fc<fc?4«*4*j 



[0 0 4 2] W±> *J8«tt, O#0ffift$**4,^ L 
ft^&ti, fi|g^*Ki:^x/>offlfc|Hfflf«?«:l9:tt, 

#8fflW\ BSrft*^ safft*^ Rtfcneosi^ 

BBHjft«4*i:ftt\ X, ls»r« : ftt$XM-J;D«LT 

[0 0 4 3] 
[^SS0»J] 

(HSBffUl) *«WlC*^t, NA = 0. 45. 
^A = 2 4 8 nnu tg/J^4 : l^t>HK r FX 

^^7u-fg»gi^, H9t«a«ts-r«fcd 

fcaiSLfco HP*,, vx^Xf-yi 0 0±t8SltLfc 

7x^ioi i o 2©fflt, i^®ic mm 

- l 0 5 fc«Igft*5R l 0 2«{:> frSBt*}*^*- 

0 6^ myt^z-><Dmtf'}^~fc$imtz>&ofc 

SALfco M^->ttB3 0 0|imHffilmmOC 
r/**->\ ffifttt^/^-yttHJIB-A/NAOS i 
IWfcli^-vfcLfco vx^WMii 0 3±o 

S iBffclKffWu KOlWE»fc1WEta:^»»*aaL 
Lfco X> ^X^(DBHW3t¥«l 0 7HIC, Ml. 2m 

m, jaw=4mm<Da«/^-y^*rsawE3ifii 
0 8%mffco ±mmyt>w-y<Dmytffimz, ^x^ 
-nawEjasi o GttDmyfr^-ytn'&t*** 

[0 0 4 4] aWE3l« 1 0 3Wffi<0ffiffl« : ?<&EJ& 
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*»WE3£«OHfffcKIBffllB^W:, im<om^^ 

So 4*3, Cti6©lElSrtt?**S-r*3aWE3HRfciR 
(HSHTf) teSfciftffii (HS^-f) **U £5318 

- h7*-*x^-£- flg^-e-f) 

cfcofc, ^-*H8£*7*-hVVy*LT&E3?KlS 

Sfrfcofco Xf-^Ml 1 OH vx^Xf-v? 
\00t ^xa-Xt-^ 1 0 4 £\ 4 : 1 <05SS 

[0 0 4 5] ±EBJtt»B*fl!^T, h 

w±(s)=wu±(s)+ws±(s) 

WU±(s)=Clhl+C2(5l)h2+C5h5+C6h6 
W S ±(s)=C3h3+C4h4 

Ci=tan[(s+so)/M]/M, C2=tan[±(si/nHs±so)/(nM)]/M, 
C3=tan[s/M]/M, C4=tan(s), 
Cs=tan[(s±so)/n], C6=tan(s±so) 

CCX\ wuti«±T*s = Ot*fLT^J*»=Q:fi!c^ w 

s *4»ft4«»**-r. BU so-NA, si=A/P 

A-efe^o so(NA), «/J^*M, a!W535»«©JB 

fc/*7*-*, hi (i = 1-6) &0*si£#t? 0 
T\ wu±(s), ws±(s)fcWLTlRS£«'hfc , t'* 
< 7 O0ft**tt*»r C <fc !K C n 6 <D{B*«51 

[0 0 4 9] 
[ill] 



±E«Mtt?<DJSJ»WlRl (x*ft) fcttLTBJBS! 
fflffl5/7hTX^fcJ:0>J*i£9 0 nm (HUB 1 8 On 
m) cOU^Xh/^-y^figT^/co ±IE7?[p3 

fcffll^T 1 4 0 n m (HUB 2 8 0 n m) ^JtT'feo 
/Co *CT% *IC, ±E3ttOfflffltt?atflRS«iE7 

[0 0 4 6] 4*5, ±<D^»JH **3fiOttB, N 

a, ytmfo&* m^rn, u^h, vx^/^-xdi 

[0 0 4 7] (ABM 2) (e!fff^2gA(C#9lR 

■To Hi 0©3tt¥3fifc:fc^T, 0, Hi, H*ftt?*» 

•AL4^!^jfc¥3K0vx*ffifc«S6, hi ( i = 1 
~6) tia*OiBK*S1-o 08rtt?A, B > C£*x 

T±Oft***1"*«Jilc«TS*|iR*w±{s)W:, ffi 

teftmsffii s <dw»£ lxx<d j; 9 Kit* ns 0 

[0 0 4 8] 



*1 



NA 


0,1 


0.2 


0,3 


0,4 


hi/hs 


17.352 


16.167 


14.263 


11.343 


h2/hs 


0.529 


0.995 


1.343 


1.507 


h3/hs 


24.014 


22.800 


20.137 


14.619 


hVhs 


0.366 


0.485 


0.652 


0.920 


h6/hs 


0.01 


0.01 


0.01 


0.01 


S1 


1.225 


1.259 


1.300 


1.349 


w max(s) 


5x1 0' 9 


3x1 0" 7 


4x1 0* 6 


5x1 0" 6 




1x10" 12 


1x10" 9 


2x10 " 7 


1x10" 5 



S1 



max[w+(s) - w-(s)] 
nX/PA 
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[0 0 5 0] afr&tafrScfc^fc, NA = 0.4£fc^ 

*o 2 etc •r^«an^^iBi«f«7«*X'r«ci: 

[0 0 5 1 ] (^J6M3) HJ&0J 1 tc^Lfcigft 
SBfcffl^T, 0. 1 /imtttt;!/— ;l/©DRAM*ffjat 

LfeWtot^ra^So hi i its jjBf/w^oftB 

l8*Bft7D*X**'&fcSLfcfc0^**. 
[0 0 5 2] Sf, (H^-f) fcJBSgLfcS 

i »£2 0 l±t7-fVU-S/3 V2 0 2Rtfy-h 2 

0 3*»J«Lfc (01 1 a) o r-fyu-s/3>atfy 

£±EBft£fTofcfcO£l^-U^X UltcWLTfie* 
SfSL<a^»»€r»*Lfec ft&\ ±E^Bffi#£l& 

[0 0 5 3] iAt, **/*S'$ f -2 0 4Rff3>^h 
*-/U2 0 5eMlf: (0 1 1 b) o 

lc, £U1E«2 0 6, (B^tf-f) , S 

2]fgSi£2 0 7*Jgf£Lfc (01 1 c) o lglJfSE$& 
(0. 1 |/mL/S) ttBWfflffitHi^hvx**:** 
WlfcSLfcBttSBfcfB^TBJttbfc. fiU 

fc£fc£9 0fi[lie<*-efco cntc^O, 8S*t<Dffi#lRl 
tc®tf«»EtatWLT*fRltt#tt*btO. IfimL/ 

0. 2Mm;l/-/l/T«tt«tirfeO, 

3I^<QK r Fx^i/vU- *fa»BftffifcJ; DJgJ«L 

fee ft*, f/WX«, ttfiSfcBU ±EXttB 

[0 0 5 4] (H«6«|4) *mi<D9i<o9amt 

LT, *SW£*Mfi»iBS! (DFB) U— if-OHftfc 

afflLfcffijtc^t^rai^So B)t«Ht(i, nao. 5 

CO A r F U-f I/J«Ml^t W 1 iq 

&i£Lx®teLiti><D*m^rzo 86*0 1/4 sas/7 

hDFB U— if-©ffKX8K43l^T, tfiilffif 



fee ewe*!), «?HffllBi6**ffl^rffHLfet<D 
fc««SBWOtt«**«DFBU— If-*, <fc0SW 
HTS^-r S C £ s^RTflg £ ft ? fc. 
[0 0 5 5] 

JCcfcDS«±^lg«^^r/^-y*JBtfc-rsiB, ±E 
g& 4: ±Efi*gfl¥3S<DHBfc:±ESfi i: Wt 0»f 
£&tt*££<Mc, ±E(El»r« : ?^J: | 3IsI«f^nfc:3t<0 

0, ffi*B3fcSEO*«RB»*«^.fc»«l/^-><OJB 
«^nr«fcft*o M«¥^NA^^. 
SCfcftUil, ^<ONA*HgW^^2ig(CbfcOi: 

o^Ko»*«ft«a***<SM , rs<itft<, * 

**B3t7*-/l/Ffc*^»*tf»Stu 

m^XOL S 1 ©SEtfRjffifcftSo 
[0 0 5 6] 

[0 2] ft«ti^Byfiffiu:J:5ISB<0IBa*^'r«SH 
[03] *56W^«t ; 5-**^i:ffiffl5/7hvx^Xtt 

[0 4] *»W«cJ:S-**IRoia»©Ka*lHl*rJt* 
[0 5] *«WtJ:S-itt¥3R<0-a»l:B«^ao- 
[0 6] *»WJCJ:5-**3RO»tt*S , r»SB'Tfa5 

So 

[07] *«W1fffl^5«*»fit*nK:J:9»6ns 

ajmektosb-c**. 

[09] *»WO-IISi«It«fcSB««BO«fi8*^'r 

«5Kbt**- 

[01 0] *«wowojtB«owtt«s , rB , t?**- 
[0ii] *?8«offlo««fcJ;*f;WxftBil 

*^-r^S0T^^o 

1 • TX^ 2 3 ■■■«, 4-*X/n-, 
5, 2 0-89, 6, 2 9-m A, B, C-IhHJt« 

R-^ R0, R0' -0*lHSrtt. RK R+^ 
R 1" \*mVfft. R r. R— -l*®Sr«:. 
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AO, Al-H««fA±OA BO, B l-Ufflftt? 
B±0)£, CO, CI, CT -lHHftt?C±OjS, 
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2 2-* 2 3-«^ 2 4-®, 2 5-SE 
2 6- -jai«Stt[ffl^7 b^X^ 2 7-vx*®Ur3foD 
0*ft, 2 8-+l#Ot, 5 1-«E 5 2-JDfcvX 
5 0-7X^1(0* Xi, Yu z 
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jSU X 3 , Ya, Z3-lefflr«yC±<Dj«u l-«ffi±0 
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(54) METHOD AND APPARATUS FOR PROJECTION EXPOSING 
(5 7) Abstract: 

PURPOSE: To improve the resolution exceeding 
the diffraction limit by emitting the light from a 
light source to a mask, diffracting the pattern of 
the mask, diffracting the diffracted light 
through a projection optical system, and 
reproducing the pattern on a sample to be 
exposed. 

CONSTITUTION: A mask 1 is inserted between a 
projection optical system 2 and diffraction 
gratings A, B, and a diffraction grating C is 
inserted between the system 2 and a wafer 4. In 
this case, the gratings A, B, C are simultaneously 
phase gratings. The light R perpendicularly 
incident to the mask 1 is diffracted to zero 
order diffracted light RO, + primary diffraction 
light Rl and - primary diffracted light Rl' on the 
mask surface. The light RO arrives at a point AO 
on the grating A, and the light diffracted in the - 
primary direction is diffracted to + primary 
direction at the point BO on the grating B. 

Thereafter, it is diffracted at the point CO on the grating C via the left end of the pupil 3 in 
± primary direction, and arrived at two points Q, P on the image surfaces. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the pattern formation approach for forming the detailed 

pattern of various solid-state components, and the projection aligner used for this. 

[0002] 

[Description of the Prior Art] In order to improve the degree of integration and working speeds of a 
solid-state component, such as LSI, detailed-ization of a circuit pattern is progressing. Moreover, 
detailed-ization of a pattern is desired for improvement in a property, such as light and electronic 
devices, such as laser, and various kinds of quantum effectiveness components, a dielectric, a magnetic- 
substance component. The reduced-projection-exposure method excellent in mass-production nature and 
definition ability is widely used for such pattern formation now. Since the resolution limit of this 
approach is proportional to exposure wavelength and in inverse proportion to the numerical aperture 
(NA) of a projection lens, improvement in the resolution limit has been performed by short-wavelength- 
izing and high NA-ization. 

[0003] Moreover, the various image improving methods, such as a phase shift method, deformation 
illumination (oblique incidence illumination), and the pupil filter method, are applied as technique for 
improving the resolution of a reduced-projection-exposure method further, these - the former - the 
engine performance of optical system - until [ theoretical ] diffraction marginal (cutoff spatial 
frequency = 2 NA/lambda) last-minute - it will be used effectively The these images improving method 
(often called a super resolution method) is discussed by the 49th page (the Science forum company **, 
1994, Tokyo) from innovation of a ULSI lithography technique, Chapter 1, and the 34th page, for 
example. 

[0004] On the other hand, some methods of expanding the spatial-frequency band of optical system are 
learned as an approach of improving the resolution of a microscope across the conventional above- 
mentioned diffraction limitation. These spatial- frequency band dilation is discussed by the 859th page 
(1 968) from application physics, the 37th volume, No. 9, and the 853rd page, for example. One of 
approaches of this scans two grid patterns, keeping conjugation relation mutual right above [ of a body 
and an image ] (at least inside of the depth of focus), they form a moire pattern by superposition of a 
body and the 1st grid pattern of the right above of it, and get over by passing a lens system and piling up 
this moire pattern with the 2nd grid pattern by the image side. Since a moire pattern has spatial 
frequency lower than a body and the 1st grid pattern, it can pass a lens system. It applies for applying 
this approach to a reduced-projection-exposure method. Generally, since it is difficult, it is operating 
scanning a grid pattern mechanically right above [ wafer ] as a grid by preparing a phot chromics 
material directly on a wafer, and scanning an interference fringe in piles to this. 
[0005] 

[Problem(s) to be Solved by the Invention] however, the above « there are the following technical 
problems in various conventional techniques. 

[0006] As for short- wavelength-izing of exposure light, ArF excimer laser (wavelength of 193nm) is 
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first considered to be a limitation from the problem of the permeability of an optical (lens) ingredient. 
Moreover, as for NA of projection optics, 0.6-0.7 are considered to be limitations from the problem on a 
lens design and manufacture. However, the resolution limit of the exposing method is 0.3 lambda/NA 
extent, when 0.5 lambda/NA and a periodic mold phase shift method are generally used, therefore even 
if it uses the limitation of the above-mentioned short- wavelength-izing and a raise in NA, a pattern 0.1 
micrometers or less is conventionally difficult for formation. Moreover, by the describing [ above ] 
periodic mold phase shift method, since a mask pattern is restricted, an actual limit size retreats further 
about a more common circuit pattern. Moreover, although expansion of exposure area is demanded with 
large-scale-izing of LSI, it is very difficult to be satisfied with coincidence of expansion of the exposure 
field of projection optics, and the demand of a raise in NA. 

[0007] On the other hand, the various spatial-frequency band dilation aiming at crossing the 
conventional diffraction limitation aims at expanding a minute body for a microscope. For this reason, 
there was a trouble that it was not necessarily suitable in forming the minute optical image demanded by 
optical lithography. For example, by the approach of using said moire pattern, the device or optical 
system for scanning two grids, keeping conjugation relation mutual right above [ of a mask and a wafer ] 
becomes it is remarkable and complicated. Since exposure of a resist is substantially performed with 
EBANESSENTO light, there are problems, like it becomes difficult for light to decline in a wavelength 
range and to expose a thick resist. Furthermore, even when using phot clo MIKKU, there is no suitable 
ingredient. Therefore, when mass production method of LSI was considered, there was a trouble that it 
could not necessarily be said that it is practical. 

[0008] The purpose of this invention is in the projection exposing method which forms the detailed 
pattern of various solid-state components to offer the approach of improving the resolution across the 
conventional diffraction limitation (cutoff spatial frequency). Specifically, it is in offering the new 
projection exposure approach that effectiveness almost equivalent to having a maximum of doubled the 
NA substantially is acquired, and the aligner which makes this possible, without changing NA of 
projection optics. 

[0009] Another purpose of this invention is to offer the projection exposure approach of having been 
suitable for mass production method of LSI which is satisfied only with adding some amelioration to 
these of the big exposure field and high resolution at coincidence possible [ the thing of the 
improvement effectiveness in resolution to acquire ], without changing greatly the configuration and 
optical system of an aligner of a conventional type. 
[0010] 

[Means for Solving the Problem] In case image formation of the above-mentioned purpose is carried out 
to up to a substrate using the light of wavelength lambda according to the projection optics (numerical 
aperture = NA, reduction percentage =1 :M) of MASUKUPATAN ** and a pattern is formed, between 
the above-mentioned substrate and the above-mentioned projection optics While preparing the 1st 
diffraction grating of the space period PI (however, it is desirable that it is lambda/(1.42, NA) <=P1 <= 
lambda/NA) in the above-mentioned substrate and parallel So that the image of a mask pattern may be 
reproduced by interference of the light diffracted by the 1st diffraction grating of the above near the 
substrate side It is attained by preparing the diffraction grating, the 2nd diffraction grating and the 3rd 
diffraction grating, of two sheets sequentially from the above-mentioned mask side between said 
projection optics and said masks at the above-mentioned mask and parallel. 
[001 1] In order to reproduce the image of a mask pattern faithfully by the diffracted light of the 1st 
diffraction grating, the periodic direction of the 1st, 2nd, and 3rd diffraction gratings of the above is 
equal, and the space period PI of the 1st diffraction grating of the above, the space period P2 of the 2nd 
diffraction grating, and the space period P3 of the 3rd diffraction grating are set up so that the relation of 
about 1/P 3= 1/P2-1/(M-P1) may be filled. Moreover, the optical path Zl from the above-mentioned 
substrate front face of the 1st diffraction grating of the above and the optical paths Z2 and Z3 from the 
above-mentioned mask front face of the 2nd and 3rd diffraction grating of the above are set up so 
that /P2= (Z3-/M+ZlandM) / relation of PI may be filled mostly (Z3-Z2). Furthermore, it is desirable 
that it is P2<=l/(l-2 and NA/M). Moreover, it is desirable to set up the thickness of the installation 
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location of the 1st, 2nd, and 3rd diffraction grating and the transparence substrate of each diffraction 
grating and the period of the 2nd diffraction grating so that the aberration between the above-mentioned 
mask side and the image surface may serve as min. Moreover, it is desirable that a space period prepares 
the 2nd protection-from-light pattern which shades a field [ **** / right above / of said mask / or 
directly under / again / as the protection-from-light pattern of the above 1st / almost ] for the about 2, Zl, 
and 1st [ of NA ] protection-from-light pattern, and width of face restricts an exposure field by below Zl 
and NA between a substrate and the 1st diffraction grating. Furthermore, it is desirable to scan and 
expose on a substrate the exposure field by which the limit was carried out [ above-mentioned ] if 
needed, or to expose, moving in the shape of a step. As for each [ these ] diffraction grating, it is 
desirable that it is a phase grating. 

[0012] In addition, as for said diffraction grating, it is desirable to consider as a 1 -dimensional 
diffraction grating, and to carry out aberration amendment of the wave aberration of said projection 
optics so that it may become axial symmetry centering on the diameter of a direction perpendicular to 
the periodic direction of the above-mentioned diffraction grating on a pupil. Moreover, this invention 
demonstrates big effectiveness especially, when a periodic mold phase shift mask is used as a mask. 
Furthermore, it is desirable to restrict the period and direction of a detailed pattern, or to amend a pattern 
configuration according to the period and direction of a diffraction grating, if needed. Moreover, if a 
refractive index n fills between the 1st diffraction grating and said substrates with a larger liquid than 1 
and NA of said projection optics is set as the range of 0.5<NA<n/2, formation of a still more detailed 
pattern will be attained. 
[0013] 

[Function] This invention will acquire effectiveness equivalent to increasing NA effectually by 
preparing a diffraction grating between the last element of projection optics, and a wafer, and enlarging 
the incident angle of the light beam which carries out incidence to a wafer side. However, only by 
preparing a diffraction grating between the lens-wafers of optical system conventionally simply, the 
diffracted lights which should originally be collected to one on the image surface are scattered all over 
the scattering location on the image surface, and playback of a mask pattern is difficult absolutely. 
Therefore, it is necessary to reconfigurate optical system so that an image faithful to the original mask 
pattern may be reproduced as a result of interference. And as for the viewpoint of practicality to such 
optical system, it is desirable that the conventional mask is moreover usable, without converting the 
conventional projection optics greatly. This invention satisfies these demands so that it may state below. 
[0014] In order to explain an operation of this invention, the principle of the image formation by this 
invention is explained as compared with a conventional method. The situation of the image formation at 
the time of illuminating a mask or a phase shift mask the case where it illuminates to a perpendicular 
respectively, and aslant, conventionally by the conventional projection exposure optical system is shown 
in drawin g 2 a, b, c, and d for the again comparison with drawing 1 of the image formation in the optical 
system based on one gestalt of this invention. In any drawing, 2:1 contraction optical system, coherent 
illumination, and a 1 -dimensional pattern were assumed, and paraxial image formation approximation 
was carried out. 

[0015] First, when the vertical illuminator of the mask is usually conventionally carried out by optical 
system ( drawing 2 a), it diffracts with the pattern on a mask, and the beam of light which passed the 
pupil 24 (inside of diaphragm 20) of projection optics 23 among the diffracted lights converges on the 
image surface 25, it interferes in the light 22 which carried out vertical incidence to the transparency 
mold mask 2 1 , and it forms a pattern. Here, if the pattern period which gives the greatest angle of 
diffraction which can pass a pupil is defined as the resolution limit, the resolution limit will become 
lambda/(2NA) (however, NA=sin theta 0). Furthermore, if the periodic mold phase shift mask 26 is 
applied to this optical system, as shown in drawing 2 b, the zero-order diffracted light will disappear and 
the diffracted light will arise in the symmetry to an optical axis 29 (alternate long and short dash line in 
drawing). For this reason, the greatest angle of diffraction which can pass a pupil becomes twice, and the 
resolution limit improves to lambda/(4NA). 

[0016] moreover ~ if slanting lighting is conventionally applied to optical system (it was assumed that 
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the zero-order light 27 of the mask diffracted light passed through the left end of ****** since it was 
easy, drawing 2 c and) « the inside of the mask diffracted light -- a core [ light / zero-order ] - carrying 
out ~ positive/negative - only a single-sided component (drawing +primary light 28) with one of angle 
of diffractions passes a pupil, and converges on the image surface. Since the diffracted light which has a 
twice [ in the case of vertical incidence ] as many angle of diffraction as this can pass a pupil, the 
resolution limit becomes lambda/(4NA) too. However, in order to use only one side of a diffraction 
spectrum, the resolution of an isolated pattern is not different from the case of a vertical illuminator, and 
has the problem of contrast falling also in the case of a periodic pattern. Furthermore, since two or more 
diffracted lights cannot pass a pupil if a mask is changed into the periodic mold phase shift mask 26, a 
pattern is not resolved ( drawing 2 d). 

[0017] Next, the image formation in the optical system based on one gestalt of this invention is shown in 
drawing 1 . In the conventional optical system of drawing 2 , a diffraction grating A and a diffraction 
grating B are inserted between a mask 1 and projection optics 2, and, as for it, the optical system of 
drawing 1 inserts a diffraction grating C between projection optics 2 and a wafer 4 again. Here, let both 
the diffraction gratings A, B, and C be phase gratings. 

[0018] The light R which carried out vertical incidence to the mask 1 is diffracted by the zero-order 
diffracted light R0, the +primary diffracted light Rl, and -primary diffracted-light Rl' in respect of a 
mask, the zero-order light R0 should reach the point AO on a diffraction grating A, and the light 
diffracted in the -primary direction there should pass the left end of a pupil 3 (inside of diaphragm 5), 
after being diffracted in the +primary direction the point BO on a diffraction grating B - it diffracts in 
the primary [ **] direction the point CO on a diffraction grating C - having - an each image surface top 

- two points are given to Q and P. Moreover, the +primary diffracted light Rl reaches the point Al on a 
diffraction grating A, and after the light diffracted in the -primary direction there is diffracted in the 
+primary direction the point Bl on a diffraction grating B, it is diffracted in the primary [ **] direction 
the point CI on a diffraction grating C through the right end of a pupil 3, and reaches the points Q and P 
on the image surface too. on the other hand - a point - A - zero - + ~ one - order - a direction ~ 
diffracting - having had - zero-order - light ~ R - zero - ' - one - order - the diffracted light - R - 
one „ - „ receiving - an optical path - the above-mentioned optical path and above-mentioned optical 
axis 6 (alternate long and short dash line in drawing) of two beams of light - receiving - the symmetry - 

- becoming . That is, finally both are diffracted in the primary [ **] direction the point CO on a 
diffraction grating C, and reach the point P on the image surface, and Q'. Therefore, three beams of light, 
the zero-order light diffracted with the mask and the primary [ +] -primary beam of light, cross at P 
points. This [ depend / on a mask angle of diffraction ] is clear. Therefore, at Point P, a diffraction figure 
is reproduced faithfully. 

[0019] Since the diffracted light with a twice as many angle of diffraction as this can pass a pupil using 

the optical system which has the same NA and a scale factor compared with a conventional method 

( drawin g 2 a), the effectiveness same with having doubled NA two substantially is acquired, moreover - 

- slanting lighting ( drawing 2 b) - a core [ light / zero-order ] - carrying out - positive/negative ~ 
either ~ since the diffracted light of both sides is reproducible by this invention in the image surface to 
only diffracted light of one of the two being reproducible in the image surface, with slanting lighting, the 
improvement in resolution of the difficult isolated pattern is possible, and big contrast can be acquired to 
a periodic pattern. Furthermore, if a periodic mold phase shift mask is applied to this optical system 

( drawing 3 a), as a result of +primary light R+ and -primary light R- which the zero-order diffracted 
light disappears and have a twice [ usual ] as many angle of diffraction as this interfering, the degree of 
minimum solution image becomes lambda/(8NA). This is the one half of lambda/(4NA) which is a 
theoretical limitation at the time of using a periodic mold phase shift mask and slanting lighting until 
now, and improvement in fast resolution of it is attained by this invention. Moreover, the situation of the 
image formation at the time of applying slanting lighting in this optical system is shown in drawing 3 b. 
With slanting lighting, it becomes possible to pass a pupil to diffracted-light Rl" which has a big angle 
of diffraction only to one side, and resolution can be improved to a maximum of the twice (8NA), i.e., 
lambda/, at the time of a vertical illuminator. Moreover, if various illumination light from which a mask 
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incident angle differs is used, the effectiveness of partial coherent illumination can be acquired 
completely similarly in optical system conventionally. 

[0020] It is as follows when the principle of this invention is explained from the position of the fourier 
diffraction theory ( drawing 4 ). By the following explanation, the scale factor of optical system shall 
consider 1 in a phase grid, and a diffraction grating shall consider only the about 1 -dimensional primary 
[ **] diffracted light. From the point P on the image surface, when a pupil 3 is seen through a diffraction 
grating C, a pupil is divided into two by diffraction and it is visible ( drawin g 4 a). In each pupil, the 
mask Fourier transform image which passes a pupil at an angle of the specification which exists 
respectively appears. On the other hand, considering a mask side, the light diffracted with the mask is 
diffracted by diffraction gratings A and B, and forms two or more mask Fourier transform images on a 
pupil. Among these, a certain thing which passed the pupil at an angle of specification can be seen in the 
pupil which was visible in the top ( drawing 4 b). That is, in the case of drawing 4 , the fourier 
diffraction figure on the right of drawing 4 b appears in the pupil on the left-hand side of drawing 4 a, 
and the fourier diffraction figure on the left of drawing 4 b appears in the pupil on the right-hand side of 
drawin g 4 a. At this time, conditions to reproduce an image correctly at Point P are the following two 
points. 

[0021] (1) The spectrum of the same point on a mask should appear through two pupils. 

[0022] (2) Two spectrums should connect continuously at the contact of two pupils. 

[0023] It is necessary to enable it in other words to see one continuous spectrum through two or more 

pupils. 

[0024] from an image -- seeing - a diffraction grating C - minding - f - two or more shifted pupils - 
visible - the inside of each of that pupil ~ diffraction gratings B and A - minding - too ~ f 1 - 
supposing two or more shifted fourier diffraction figures appear, amplitude distribution [ of a true 
image ] u (x) is expressed with a degree type. 
[0025] 

u(x) =F [sigmap(f-f ) -sigmao (f-f ')] - f =**SCf '=** (SA-SB-SC) - here As for the Fourier transform 
and p (f), a pupil function and o (f) express [ F[ ] ] the sum to the order of diffraction from which a real 
space coordinate differs from f in a mask fourier diffraction figure and x, and sin (sine) of the angle of 
diffraction of diffraction gratings A, B, and C and sigma differ in a spatial-frequency coordinate, and 
SA, SB and SC. Therefore, if SA=SB+SC, the term which is set to f '=0 and set [ as opposed to / both / 
both f =**SC(s) ] to f -0 can be acquired. That is, one spectrum o (f) can be seen through two pupils p 
(f**SC). furthermore - in order to obtain the image to a same-on mask point at Point P - the distance 
between a mask side and diffraction gratings A and B and the distance between a diffraction grating C 
and the ideal image surface, and Each ZA, ZB, and ZC - SAand(ZB-ZA) =SC- (ZB+ZC) - then, it is 
good. 

[0026] When the upper conditions are applied to the optical system of reduction percentage M:l and the 
image side numerical aperture NA under paraxial approximation, it turns out that what is necessary is 
just to set up the distance ZA and ZB between the periods PA, PB, and PC of diffraction gratings A, B, 
and C, a mask side, and diffraction gratings A and B, and the distance ZC between a diffraction grating 
C and the ideal image surface almost as follows. 

[0027] In order to acquire sufficient improvement effectiveness in resolution by this invention to a 
1/PA=1/PB-1/(M-PC) (ZB-ZA)/PA=(ZB/M+M-ZC)/PC pan, considering as lambda/NA<=PC <=root2 
and lambda/NA is desirable. 

[0028] As for diffraction gratings A and B, it is desirable that it is a phase grating. When diffraction 
gratings A and B penetrate not a perfect phase grating but zero-order light, effectiveness, such as optical 
system and oblique incidence optical system, laps with the effectiveness of this approach conventionally 
which is inferior to definition from this approach. For this reason, there is a possibility that definition 
may deteriorate. On the other hand, even if a diffraction grating C is a phase modulation grid and it is an 
amplitude intensity modulation grid, it is not cared about. If the period of a diffraction grating C is quite 
small and the silicon oxide of a refractive index 1.5 is considered, the cross-section aspect ratio of a grid 
pattern will become about about one. In this case, it needs to be cautious of the scattering effect of the 
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light in a pattern cross section. In the case of the diffraction grating which consists of a protection- from- 
light pattern, since thickness of a light-shielding film is made quite thinly, the effect of dispersion can be 
reduced. However, the direction which uses a phase modulation grid can make an exposure field large so 
that it may state later. 

[0029] If a refractive index n fills the substrate side of a diffraction grating B with a larger liquid than 1 
etc., sin will turn intol/n of the wavelength of this field, and an angle of diffraction. Then, if the period 
of a diffraction grating B is further made fine and an angle of diffraction is made equal to the case where 
a liquid is not filled, since only wavelength is set to 1/n, resolution will also improve to 1/n. Although 
the diffracted light with a more big angle of diffraction needs to increase the appearance mask lighting 
angle which can pass a pupil in a mask side, it becomes impossible in this case, for the diffracted light 
with a small angle of diffraction to pass a pupil at this time. Then, it is desirable to increase the path of a 
pupil according to this. This can also be put in another way as follows. When the refractive index 
between a diffraction grating B and a substrate is 1, the improvement in resolution is not obtained at all 
as for 0.5 or more in NA of projection optics used by this invention. sintheta> The angle of diffraction 
over the beam of light which carries out incidence to the diffraction grating B of periodic lambda/NA at 
an angle of [ theta ] 0.5 is for becoming 90 degrees or more, localizing on a diffraction-grating front face 
as an evanescent wave, and not getting across to a wafer. On the other hand, if the refractive index 
between a diffraction grating B and a substrate is set to n, angle-of-diffraction theta' of the light which 
carried out incidence at an angle of sin theta=NA to the diffraction grating B (it must be periodic 
lambda/NA in order for the zero-order light which passed through the edge of a pupil to carry out 
vertical incidence to a wafer) will become sintheta -(lambda/PB+sintheta)/n=2 NA/n, and the conditions 
for being theta ? <90 degree will be set to NA<n/2. That is, this invention is effectively applicable to the 
optical system of maximum NA=n / 2. Although immersion optical system generally needs a special 
optical design, when it applies to this invention as mentioned above, a special lens is not needed at all. 
Therefore, if between a diffraction grating B and substrates is filled with water (refractive index 1.3 
[ about ]) and is exposed using an about 0.6 NA [ which is usually used in the semi-conductor process ] 
projection lens, effectiveness equivalent to having set NA to 1.2 substantially will be acquired. In this 
case, if a phase shift mask is used, the resolution of 0.1 micrometers or less will be obtained also on the 
wavelength (365nm) of i line of a mercury lamp. In addition, by this approach, since the incident angle 
of light in which it interferes near the wafer is very large, it depends for the image formation engine 
performance in the polarization condition of light strongly. Generally, the light in which an electric field 
vector has a polarization condition perpendicular to the plane of incidence of light is more desirable 
when forming the image of high contrast. 

[0030] All the above arguments need to assume paraxial approximation, need to set the refractive index 
of the substrate of a diffraction grating to 1, and need to take into consideration strictly in fact the 
effectiveness of the refractive index of the substrate of a diffraction grating, and the effect of the 
aberration produced by the diffraction grating. For this reason, the installation location of each 
diffraction grating etc. may be changed a little. It cannot be overemphasized that it is desirable to make 
it in agreement in sufficient precision as for the periodic direction of the pattern of two or more 
diffraction gratings. 

[0031] Next, four points are described about the point which it should be careful of in this invention. 
[0032] Generally an exposure field is conventionally restricted to the 1st compared with the exposing 
method by this optical system. Two beams of light cross also in the point Q on the image surface, and 
Q', it interferes mutually, and an image is formed so that drawing 1 may show. This image is an image 
of the false produced in the location which should be formed essentially, and out of which it does not 
come, and, generally is not desirable. In order to avoid this, it is desirable to form the protection-from- 
light mask 52 in right above [ of the image surface 51 ] (between a wafer and diffraction gratings C), 
and to intercept the image of these falses, as shown in drawing 5 a. A diffraction grating C and the 
protection-from-light mask 52 can be formed in both sides of the same quartz substrate 53 as shown in 
drawing. (You may form on a separate substrate.) preparing similarly this, simultaneously the masking 
blade which shades the above-mentioned protection-from-light mask and a field [****/ almost ] in 
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right above [ of a mask ], or directly under again etc. carrying out - a mask lighting field - the above 
- restricting to a field [****] is desirable. The exposure field which can be imprinted by one exposure 
is a field equivalent to the distance (about 2 and NA-ZB) between a true image (P points) and a fake 
image (Q points), repeats the twice of the above-mentioned distance as a period, and appears. Therefore, 
when narrower than the area which wants to expose the field which can be exposed, the thing which 
were shown in drawing 5 b and for which an exposure field is scanned on a wafer is [ like ] desirable. 
Under the present circumstances, if the reduction percentage of optical system is M:l, it cannot be 
overemphasized that it is desirable to also set strictly the ratio of mask scan speed and wafer scan speed 
to M:l. About the approach of carrying out the synchronous scan of these exposure field on a mask and 
a wafer, the approach used with the existing aligner can be used as it is. On the other hand, when larger 
than the area which wants to expose the field which can be exposed (i.e., when the distance between a 
true image and a fake image covers the chip which is one piece), it can expose, without scanning. The 
width of face of one exposure field increases, so that exposure area size is decided by the installation 
location of a diffraction grating B and a diffraction grating B is separated from the image surface. 
However, since the width of face of the field which cannot be imprinted to coincidence also increases, 
both rate does not change as [ about 1 :1 ]. In order to eliminate the effect of a fake image, as for the 
width of face W of an exposure-on wafer field, considering as W<=NA-ZB is desirable. Moreover, 
when an amplitude intensity modulation grid is used for a diffraction grating B, in order that the zero- 
order diffracted light of a grid may form the image of another false in the midpoint of a true image and a 
fake image, when an exposure field is a phase grating, it becomes half mostly. 

[0033] Generally by this approach, exposure reinforcement falls to the 2nd. Only the light of the specific 
order of diffraction is used for the beam of light which carries out image formation on a wafer by this 
approach among the beams of light diffracted by the diffraction grating inserted into optical system. 
Therefore, the optical reinforcement which contributes to exposure whenever it passes a diffraction 
grating will fall. Moreover, having restricted the exposure field on a mask and a wafer, as stated in the 
top also causes a throughput fall. For this reason, it is desirable to cope with it using resist ingredients, 
such as a chemistry multiplier system resist with high sensibility which uses the light source with fully 
strong reinforcement by this approach, etc. 

[0034] As pre- explanation showed [ 3rd ], in addition to the desirable diffraction figure of f -0, on a 
pupil, the Fourier transform image which shifted only f -**2 (SA+SB) arises. This means that the high 
order spectrum of a mask pattern laps with a low spatial-frequency field substantially, and, generally is 
not desirable. In order to avoid this in the optical system of drawing 1 , it is PA<=l/(l-2 and NA/M). 
Then, it is good. In this case, it is because the diffracted light (equivalent to the dotted line emitted out of 
[ Al ] drawing 1 ) of the ^primary direction by the diffraction grating A to the diffracted light (inside Rl 
of drawing 1 ) diffracted by angle-of-diffraction 2 and NA/M with the mask cannot exist. 
[0035] By the optical system of this invention, it needs to be [ 4th ] cautious of the aberration 
accompanying diffraction-grating installation. The aberration generated by the diffraction grating is 
explained using drawing 6 . The beam of light after mask passage assumes that it is in a field including 
the periodic direction of an optical axis and a diffraction grating (for example, a 1 -dimensional pattern 
and coherent illumination). In order for the optical system of drawing 6 a to be non-aberration, the 
difference of each optical path length of OX1X2X3I, OY1 Y2Y3I, and OZ1Z2Z3I must be 0. However, 
if an optical-path-length difference is among these, this will serve as aberration. If it assumes that 
projection optics is the ideal optical system of aberration 0, the difference of OX1X2+X3I, 
OY1 Y2+Y3I, and OZ1Z2+Z3I will turn into aberration from X2X3=Y2Y3=Z2Z3 here. If the wave 
aberration of an optical path which results in OZ1Z2Z3I from OX1X2X3I which crosses the diameter of 
a pupil is plotted to the pupil radius coordinate s standardized on the basis of OY1 Y2Y3I, it will become 
like the continuous line of drawing 6 b. It turns out that aberration w+ (s) to the beam of light which has 
the include angle of + to a mask passage glory shaft generally becomes unsymmetrical on a pupil. 
Aberration w-(s) to the beam of light which has the include angle of - to an optical axis similarly 
becomes the symmetry from the symmetric property of optical system considering w+ (s) and a pupil as 
a core. In this invention, since it is necessary to make the light diffracted in the direction of +, and the 
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light diffracted in the direction of - interfere in coincidence on a wafer, it is necessary to amend the 
aberration to both to coincidence. However, since the pupil top aberration over the light diffracted in the 
direction of + and the direction of - is not in agreement so that drawing 6 b may show, it becomes 
difficult theoretically to amend these by projection optics to coincidence. Therefore, as for such 
aberration, it is desirable to amend between a mask and projection optics or between a wafer and a 
substrate. Generally this can be performed by the following approaches. 

[0036] If w+ (s) and w-(s) is equal, it is possible to amend this by projection optics, then - delta - w ~ 
(~ s --) - = - {- w - + - (- s --) --} - {-- w - (-- s --) -} ~ a pupil top (with drawing 6 - the range of 
1<= S <=:1) __ wavelength - comparing - the amount delta small enough - stopping - ****ing . On the 
other hand, deltaw** (s) is expressed as a function of the parameters xi (i= 1, 2, -), such as relative- 
position relation between the installation location of each diffraction grating, the thickness of the 
substrate supporting a period and a diffraction grating, a refractive index and a substrate, and a 
diffraction grating. Then, the range of the problem is -K=s<=l, and it results in calculating xi which 
fills deltaw(s, xi) <delta. An example describes the example of actual optimization. Anyway, it can do in 
this way and a symmetrical form, then this symmetrical can be amended for the aberration over the 
beam of light which has the include angle of** to a mask passage glory shaft in projection optics on a 
pupil. Furthermore, it is more desirable if the aberration itself can fully be controlled by the approach 
described in the top. 

[0037] As mentioned above, since it was easy, the 1 -dimensional pattern was assumed as a mask pattern, 
but when a two-dimensional pattern exists in fact or partial coherent illumination is used, the beam of 
light after mask passage is not settled in a field including the periodic direction of an optical axis and a 
diffraction grating, but tends toward various points on a pupil. In this case, what is necessary is to 
consider function deltaw(s, t) ={w+(s, t)}-{w-(s, t)} of the two-dimensional coordinate on a pupil (s, t), 
and just to calculate as deltaw, xi which fills deltaw(s, t, xi) <delta within a pupil surface. This means 
making w** (s, t) into the most symmetrical possible form to s= 0 on a pupil. 

[0038] Furthermore, in order to acquire the effectiveness of this invention to all directions, it is possible 
to use each diffraction grating as a two-dimensional diffraction grating, as shown in drawing 7 a and b. 
In this case, the form of the pupil on appearance serves as symmetry 4 times. However, except for the 
case where NA of optical system is small, it is a little difficult to carry out aberration amendment on a 
pupil to 2 sets of perpendicular pupils according to the situation described in the top at coincidence 
mutually. For this reason, it is a little difficult to acquire the effectiveness of this invention equally to all 
directions on a mask, and it is more realistic to use a 1 -dimensional diffraction grating like drawing 8 . 
Drawing 8 a, b, and c sees with three typical diffraction gratings, and is the upper pupil configurations. 
In drawing 8 a, substantial NA increases about twice to the pattern of x directions, but it decreases to the 
pattern of the direction of y. In drawing 8 b, to the pattern of x directions, substantial NA becomes root2 
twice and is set to l/root2 to the pattern of the direction of y. As for NA, in drawing^ c, x and y both 
directions become root2 twice, but it is thought that it depends for the image formation engine 
performance [ / in addition to x and the direction of y ] in the direction of a pattern remarkably. It is 
desirable to impose the limit by the direction on the layout rule of a pattern etc. on a mask in any case. 
[0039] In order to abolish the pattern direction dependency of the image formation engine performance, 
the conditions of drawing 8 a, b, and c may be rotated 90 degrees respectively, for example, and 
multiplex exposure may be performed. When this is especially applied to drawing 8 c, an image 
equivalent to x and y both directions having doubled NA root2, without controlling pattern direction 
dependency [ / in addition to x and the direction of y ], and sacrificing image contrast can be obtained. 
However, when rotating a diffraction grating 90 degrees, an aberration property is also rotated 90 
degrees. Then, it is desirable to cope with to perform aberration amendment using a pupil filter and to 
rotate this 90 degrees with a diffraction grating etc. In addition, when aberration control is difficult, you 
may carry out preparing a slit filter in a pupil if needed etc. 

[0040] As shown in drawing 3 , when perfect coherent illumination of the periodic mold phase shift 
mask is carried out, the optical path of primary [ **] light in which it interferes near the wafer is always 
symmetrical to an optical axis, and each optical path length is equal. Therefore, even if aberration 
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amendment of the optical system is not carried out, detailed pattern formation is possible. That is, when 
using a periodic mold phase shift mask under perfect coherent illumination, a two-dimensional 
diffraction grating as shown in drawing 7 is usable, it does not depend in the direction of a pattern, but 
the effectiveness of a phase shift mask can be demonstrated to the maximum extent. What is necessary is 
to expose only a detailed period pattern by the above-mentioned approach, and just to expose other parts 
by the exposing method conventionally after that, in imprinting the mask pattern with which various 
patterns are intermingled. 

[0041] Moreover, generally the above-mentioned aberration increases rapidly with the value of NA. For 
this reason, in about 0.1 to 0.2-NA optical system, it does not become a problem comparatively. 
Therefore, when applying to the aligner for large areas of low NA and a low scale factor, the soft-X-ray 
contraction projection aligner of a reflective mold, etc., various constraint which was described in the 
top is mitigated. 

[0042] As mentioned above, this invention passes a pupil for right-and-left one side of the fourier 
diffraction figure centering on a zero-order diffracted-light line separately respectively, and it can be 
said that it is what compounds this by the image side. Although it is already applied to the optical 
microscope as this view itself is discussed by the above-mentioned reference, the configuration of 
optical system realizable on contraction projection optics was not devised in this until now. This 
invention is exactly what realized this skillfully in the reduced-projection-exposure system. That is, the 
optical system of drawing 1 prepares a diffraction grating between projection optics and a wafer, and it 
constitutes optical system so that an image faithful to the original mask pattern may be reproduced as a 
result of wafer side interference, while it enlarges the incident angle of the light beam which carries out 
incidence to a wafer side. This invention is applicable to various projection optics, such as dioptric 
system, catoptric system and these combination, contraction optical system, and actual size optical 
system. Also as the exposure approach in the case of exposing a mask pattern to up to a wafer using 
such optical system, it is applicable to both a package imprint, a scanning method step-and-repeat one a 
step a scan, etc. Moreover, this invention is purely based on geometrical optics-effectiveness so that 
more clearly than the above explanation. Therefore, the trouble which originates for [ as / in the 
approach using the above-mentioned Moire fringe ] EBANESSENTO Mitsutoshi is not produced. 
Moreover, since it can detach from a wafer, it can install and there is moreover also no need, such as a 
synchronous scan, a diffraction grating is easily realizable far. 
[0043] 
[Example] 

(Example 1) Based on this invention, as the scanning mold KrF excimer laser projection aligner of 
NA=0.45, the light source wavelength of lambda= 248nm, and reduction percentage 4:1 was typically 
shown in drawing 9 , it converted. That is, the transparence quartz plate 103 which has a phase grating 
pattern was inserted in both sides between the masks 101 and projection optics 102 which were installed 
on the mask stage 100. Moreover, between the wafers 105 and projection optics 102 which were 
installed on the wafer stage (sample base) 104, the protection-from-light pattern and the transparence 
quartz plate 106 which already has a phase grating pattern on one side were inserted in one side so that a 
protection-from-light pattern side might meet a wafer. The protection-from-light pattern used with a 
width-of-face period [ 1mm period of 300 micrometers ] Cr pattern, and the phase grating pattern as Si 
oxide-film pattern of periodic = lambda/NA. It is 4 times [ by the side of a wafer ] the period of the 
phase grating pattern on the mask side transparence quartz plate 103 of this. Si oxide-film thickness was 
set up so that the phase of the light which penetrated the film's existence section and the part not existing 
might shift 180 degrees. These patterns were formed like the so-called production process of a 
chromium loess phase shift mask using EB lithography. Moreover, the transparence quartz plate 108 
which has width of face of 1 .2mm and a periodic =4mm protection-from-light pattern was formed in the 
illumination-light study system 107 side of a mask. The protection-from-light field of the above- 
mentioned protection-from-light pattern was set up so that it might become a protection-from-light 
pattern on the wafer side transparence quartz plate 106, and conjugate. 

[0044] Thickness, an installation location, etc. of the period of the phase grating of transparence quartz 
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plate 103 both sides and each transparence quartz plate were optimized using the ray-tracing program 
optimization function so that the aberration on the projection optics pupil in the semantics stated to the 
term of an operation might serve as axial symmetry. Furthermore, the aberration amendment filter 109 
was inserted in the pupil posion of projection optics for aberration amendment symmetrical with the 
above-mentioned shaft. Here, the aberration amendment filter 109 amends the astigmatism of a direction 
mainly perpendicular to the periodic direction of the above-mentioned diffraction grating. In addition, 
each of transparence quartz plates which have these diffraction gratings etc., and aberration amendment 
filters is exchangeable, and it enabled it to set them up for whether being Sumiya at a position. 
Moreover, in order to position a transparence quartz plate correctly, the electrode holder (not shown) of 
each quartz substrate has a jogging device (not shown), can measure the location of each quartz 
substrate, and can set this as a desired location. Furthermore, by acting as the monitor of the image by 
the automatic focus monitor (not shown) which prepared on the wafer stage 104, it also made it possible 
to feed back a monitor result and to adjust the location of each quartz substrate so that the optimal image 
formation property might be acquired on the image surface. In addition, aberration amendment may be 
beforehand performed for the projection optics itself to the above-mentioned diffraction grating, and an 
aberration amendment filter is unnecessary in this case. Exposure was performed carrying out the 
synchronous scan of a mask and the wafer. A stage control system 110 carries out the synchronous scan 
of a mask stage 1 00 and the wafer stage 104 with the velocity ratio of 4: 1 respectively. 
[0045] The mask which has the pattern of various dimensions containing a periodic mold phase shift 
pattern was imprinted to up to the chemistry multiplier system positive resist using the above-mentioned 
aligner. As a result of performing a development predetermined [ after exposure ] and observing under a 
scanning electron ray microscope, the resist pattern with a dimension of 90nm (period of 180nm) has 
been formed with the periodic mold phase shift mask to the periodic direction (x directions) of the 
above-mentioned phase grating. On the other hand, the resolution of a direction (the direction of y) 
perpendicular to the above-mentioned direction was dimension extent of 140nm (period of 280nm) 
using the phase shift mask. Then, when the phase grating of the three above-mentioned sheets and the 
aberration amendment filter were rotated 90 degrees, the same mask was exposed next and the resist 
pattern was formed, the resolution to x directions and the direction of y was reversed. 
[0046] In addition, although, as for the upper example, a period, an installation location, etc. of the class 
of the class of optical system, NA, light source wavelength, reduction percentage, a resist, and mask 
pattern, a dimension and a diffraction grating, and a protection-from-light pattern are limited extremely, 
these various conditions can be variously changed within limits which are not contrary to the main point 
of this invention. 

[0047] (Example 2) Next, the example which optimized optical system is shown so that the effect of the 
aberration accompanying diffraction-grating installation may serve as min. In the optical system of 
drawin g 10 , the mask side of projection optics where mask side [ where O and I introduced the 
diffraction grating / of optical system ], image surface, sigma, and sigma' does not introduce a 
diffraction grating, the image surface, and hi (i=l-6) show the distance in drawing. The protection-from- 
light pattern of diffraction gratings A, B, and C and wafer right above was formed in both sides of a 
transparence quartz substrate like the example 1. At this time, transverse aberration w** (s) to the beam 
of light which has the include angle of ** to an optical axis after mask passage is expressed as follows 
as a function of the standardization pupil radius coordinate s. 
[0048] 

w**(s) =wu** (s) +ws** (s) wu**(s) =Clhl+C2(sl) h2+C5h5 ~ +C6h6 ws**(s) =C3h3 - +C4h4 
Cl=tan[(second**s0) /M]/M and C2=tan[**(sl/n)-(second**sO)/(nM)]/M ~ C3=tan[s/M]/M and C4= -- 
tan (s) C5=tan[(second**s0) /n] C6=tan (second**s0) - here, wu expresses an unsymmetrical 
component and a component with symmetrical ws to s= 0 on a pupil. However, they are s0=NA and sl= 
lambda/PA. When sO (NA), the contraction scale factor M, and the refractive index n of a transparence 
quartz substrate are made into the value of a system proper, an upper type contains seven optimization 
parameters, and hi (i=l-6) and si. Then, these values were optimized wu** and by imposing seven 
constraints that aberration should be made min to ws** (s) (s). An example of an optimization result to 
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some NA(s) is shown in Table 1. However, aberration was expressed with the wave aberration which 
makes h5/lambda a unit. 
[0049] 
[Table 1] 



NA 


0.1 


0,2 


0.3 


0.4 


1 1 1/ 1 19 




10. 1 Qf 




i 1 .OhJ 


h2/hs 


0.529 


0.995 


1.343 


1.507 


ha/hs 


24.014 


22.800 


20.137 


14.819 


h4/h5 


0.368 


0.485 


0.652 


0.920 


h6/hs 


0.01 


0.01 


0.01 


0.01 


S1 


1.225 


1.259 


1.300 


1.349 


Wmax(s) 


5x1 0' 9 


3x1 0" 7 


4X10' 6 


5x1 0" 6 


wMs) 


1x10" 12 


1x10' 9 


2X10 q 


1x10" 5 



Wmaxfc) = max[w+(s) - w-(s)] 
s1 = nX/PA 

[0050] As shown in a table, it was possible to fully have suppressed aberration also in NA=0.4. Same 
optimization can be performed to various arrangement, when diffraction gratings A and B are 
respectively formed on another transparence substrate. Furthermore, still severer aberration conditions 
can be satisfied by increasing the parameter of optimization by introducing a new transparence substrate 
and a new diffraction grating. 

[0051] (Example 3) Next, the example which created DRAM of 0.1 -micrometer design Ruhr is 
described using the aligner shown in the example 1. Drawing 1 1 shows the making process of the 
above-mentioned device focusing on an exposure process. 

[0052] First, isolation 202 and the gate 203 were formed on the Si substrate 201 in which the well etc. 
was formed (not shown) ( drawing 1 1 a). Isolation and a gate pattern were exposed with the aligner 
shown in the example 1 using the periodic mold phase shift mask. Here, since it was predicted that the 
part into which a pattern configuration is distorted in the periphery of a periodic pattern by simulation 
arises, the mask for removing this garbage was prepared. After piling up and exposing the above- 
mentioned mask using an aligner to the same resist film as what performed the above-mentioned 
exposure conventionally, negatives were developed, and the part which is not desirable was removed on 
the circuit engine performance. In addition, you may cope with it by ignoring in circuit, without 
removing the above-mentioned garbage. 

[0053] Next, the capacitor 204 and the contact hole 205 were formed ( drawing 1 1 b). The electron ray 
direct writing method was used for pattern exposure of a contact hole. Next, the lst-layer wiring 206, a 
through hole (not shown), and the 2nd-layer wiring 207 were formed ( drawing 1 1 c). The lst-layer 
wiring (O.lmicromL/S) was exposed using the aligner shown in the periodic mold phase shift mask and 
the example 1. However, it changed into what showed the direction and dimension of each diffraction 
grating to drawing 9 c here, this was rotated further 90 degrees, and multiplex exposure was performed. 
Coincidence was made to also rotate the aberration amendment filter 109 90 degrees with a diffraction 
grating at this time. O.lmicromL/S has been formed without direction dependency to wiring prolonged 
in both directions in every direction by this. Formation of a through hole used the electron ray direct 
writing method like the contact hole. Subsequent multilayer-interconnection patterns and final 
passivation patterns are designed in 0.2-micrometer Ruhr, and were formed by the usual KrF excimer 
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laser projection exposing method do not use this invention. In addition, it is not caught by what was 
used in the above-mentioned example about the structure of a device, an ingredient, etc., but can change. 

[0054] (Example 4) Next, the example which applied this invention to manufacture of distribution 
feedback mold (DFB) laser is described as another example of this invention. What converted the ArF 
excimer laser contraction projection aligner of NA0.5 like the example 1 was used for the aligner. In the 
making process of the conventional quarter-wave length shift DFB laser, the diffraction grating with a 
period of 140nm currently formed using the electron-beam-lithography method etc. was formed using 
the periodic mold phase shift mask and the above-mentioned aligner. It became possible to manufacture 
more the DFB laser which has by this the engine performance almost equivalent to what was produced 
using the electron-beam-lithography method etc. for a short period of time. 
[0055] 

[Effect of the Invention] As mentioned above, when according to this invention light is irradiated 
through an illumination-light study system at a mask, image formation of the mask pattern is carried out 
to up to a substrate according to projection optics and a pattern is formed, While preparing a diffraction 
grating in the above-mentioned substrate and parallel between the above-mentioned substrate and the 
above-mentioned projection optics So that the image of a mask pattern may be reproduced by 
interference of the light diffracted by the above-mentioned diffraction grating near the substrate side By 
establishing a diffraction grating or image formation optical system between projection optics and a 
mask or between a mask and an illumination-light study system, formation of the detailed pattern 
conventionally beyond the resolution limit of an aligner is attained. Specifically, effectiveness almost 
equivalent to having a maximum of doubled the NA substantially is acquired, without changing NA of 
projection optics. Without changing the fundamental configuration of the optical system of an aligner 
greatly thereby conventionally, the big exposure field and high resolution are acquired and manufacture 
of LSI of a dimension the class of 0.1 micrometers is attained using the contraction projection optical 
lithography suitable for mass production method. 
[0056] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows th e W ord which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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[Drawing 8] 
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[Drawin g 9] 
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